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SUMMARY

Thecharacteristicsof seaplsmesinroughwaterareinvestigated
experimentallyintheLangleytsmksbymeansof self-propelleddynamically
similsrmodelshavingfreedmintheverticalplane.Timehistoriesare
obtainedof requiredquantitiesduringsimulatedtake-offsandlandings
intotransversewavesofvarioussizes.

Themaximumtrim,rise,verticalacceleration,andangularaccelera-
tionduringa numberof lsdingsareusedas criteriaforcomparisons.
Forlandingsinwavesofa givenheight,thecriteriaareprimrilydepen-
dentonwavelengthandusuallypeakat a criticalwavelength.Signifi-
cantreductionsinthenmtionsandaccelerationsareobtainedbypractical
increasesinhulllength-beamratio,afterbodylength,angleof deadrise,
andsuitablecombinationsof thesefeatures.Thenormalimpactloadisa
functionofhulltrim,flight-pathangle,andverticalvelocityat contact,
referredto thelocalwaveslopeandwavevelocity.Themeasuredmximum
verticalaccelerationsandtheassociatedeffectivecontactparameters
fromtestsinvariousheightsofwavesarelargelyfunctionsofthewave
height-lengthratio.Verticalloadscalculatedfromtheexperimentalcon-
tactparametersareinreasonableagreementwiththeverticalaccelero-
meterdata.Themeanresistancetomotionthroughwavesishigherthanthe
resistancein smoothwater.Theincrementisgreatestat intermediate
speedsduringtake-offwherereboundsaremostsevere.

INTRODIXXION

Wavesareofimportanceinaeronauticsbecauseevenrelativelymild
seaconditionsinducecriticalloadsanduncontrollablemotionson sea-
planes.Theseadverseeffectshaveimposedsevekeadditionaldesign
requirementsonanalreadycompromisedclassofaircraftandhavegener-
allylimitedopen-seaoperationstoacceptancetrialsor emergenciessuch
as searescue.Inrecentyears,~et-assist-edtake-offandreversiblepro-
pellersforlandinghaveimprovedthesituationsomewhatby shorteningthe

lPaperpresentedatConferenceonShipsandWaves,StevensInstitute
ofTechnology,Oct.25-27,1954.
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A
high-speedportionsoftherunsinwaves;neverthelesstheproblemofthe
all-weatherwater-basedaircrafthasnotyetbeensatisfactorilysolved,
andtherehasbeenan increasingnecessityformoreeffectivesolutions. u

TheNationalAdvisoryCommitteeforAeronauticsconductscontinuing
researchprogrsmsonthefundamentalaspectsofwaterimpactloadsdueto
wavesandtherough-waterbehaviorofseaplaneconfigurations.Thepur-
posesof thisactivityaretodevelopimprovedmethodsforpredicting
waterloadsandpressuresandbettermeansofalleviatingtheadverse
effectsinducedbywaveencounter.

Experimentalphasesoftheworkarecsrriedoutinthelarge-scale
hydrodynsniicfacilitiesoftheNACAlocatedattheLsngleyAeronautical
Laboratoryat Lam@eyField,Va. TheLangleyimpactbasin(ref.1) isa
highlyspecializedfacilityforestablishingbasicrelationshipssmong
theimpactparameters.TheLangleytanksaregenerallysimilarinfunc-
tionandoperationtotowingbasinsdesignedto testshipmodelsexcept r
thattheyhaverelativelyhighercarriagespeedstoaccommodatethelarge—
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numbersassociatedwithwater-basedaircraft.
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SYMBOLS

beamofhull,ft

accelerationduetogratity

waveheight,ft

distancefromforwardperpendiculartosternpost,ft

total-resistance

speed,fps

coefficient

horizontalvelocity,fps

resultantvelocity,fps

effectiveresultantvelocity,fps

verticalvelocity,fps

effectivefull-scaleverticalvelocity,fps



NACATN 3419 3

Vw wavevelocity,fps .

Y flight-pathangle,deg

7= effectiveflight-pathangle,deg

e angleofinclinationofwatersurface,deg

A wavelength,ft

T trimof straightportionofforebody,deg

‘e effectivetrim,deg

DESCRIPTIONOFTANKS

LangleyTankNo.1

Langleytankno.1 wasplacedinoperationin1931(ref.2)and
enlargedin 1937(ref.3). Ithasa widthof24 feet,a maxtiundepth
of12feet,anda maximumspeedof 60milesperhour.Withtheinstalla-
tionof a wavemakerandbeachesat theends,theworkinglengthis
approximately2,800feet. Thisinstallationisshowninfigure1.

Theworkingelementof thewavemakerisa transverseflatplate,
hingedatthebottomandoscill.atedbya linkat thetopconnectedto an
adjustable-radiuscrank.Thecrankis driventhrougha gearreducerby
a ?~-horsepowerdirect-currentelectricmotor.Therotationalspeedof
themotoris controlledbyvaryingitsinputvoltagefroma constant-
speedmotor-generatorset. Thelengthandheightof thewavesarevaried
by adJustingthespeedof themotorandtheradiusofthecrank.

Testsof completeseaplanemodelsincalmwateraremadeatthe
6-footlevelinthistankto improvetheairflowovertheaerodynamic
surfaces,andwavesuppressorshavebeeninstalledat thislevelto
reducethetimebetweenruns. Fortestsinwaves,thewaterisraised
tothe8.~-footlevel(seefig.1)to deactivatethewavesuppressorsand
providegreaterdisplacementfortheplate.Wavespropagatednorthward
aredissipatedon theslottedconcretebeachshown.Thosewavespropa-
gatedsouthwardtravelthroughthetestregionagainstthemotionof the
modelsandaredissipatedona similarbeachlocatedatthesouthendof
thetank.

ThepolygonalcrosssectionofLangleytankno.1 eventuallyintro-
ducesundesirablevariationsin thewavecharacteristicsacrossthetsmk.
Theseeffectsareminimizedby calibration,testingas closetothewave
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‘d
makeraspossible,andusingonlythefirstwavesproducedbeforeinter-
ferencepatternsbuildup.

.—
Withsuchprecautionsandcontinuous

monitoringof thewavesin thetestregion,satisfactoryduplicationof
6 “-

testconditionsandresultsareobtained.

Therangesofwavesizeavailableat the8.~-footlevelareshown
infigure2. Theheightsarelimitedbya theoreticalupperboundary,
derivedby equatingthemaximumtriangularareasweptby theplateto
theareaoftrochoidalwavesofvarioussizesabovethestill-water
level.Actualregularwavesareobtainedclosetothisboundary.At
shortwavelengths,theheightsbecomeirregularas indicatedby the
left-handshadedboundary.Regularwaveheightsbelow1 footfortests
ofseaplanemodelscannotbeproducedwithie-ngth-heightratiosofmuch
lessthan2~or ~.

LangleyTankNo.2

Langleytankno.2 wascompletedin 1942andis
thefirst.Ithasa workinglengthofapproximately
of18feet”,a uniformdepthof6 feet,anda maximum

f

locatedalongside
1,730feet,a width v

towingspeedof
60milesperhour.Fromexperiencewiththe-firsttank,thetowing
carriageofLangleytankno.2 wasmademuchsmallertominimizeaero-
dynamicinterferenceon completeseaplanemodels.Thisfeaturewasmade
possibleby theuseof closelyspacedrailssupportedby theroof-truss
system.

Langleytankno.2 isrectangularincrosssectionwithcontinuous
concretebeachesalongbothsidesat thewaterlinetosuppresswaves
betweenruns.Fortestsinwaves,thewaterlevelis droppedbelowthe
&aches. Sincethewaterdepthisthenconstantoverthewidth,trans-
versewavesremainuniformfora longerperiodthanin thefirsttank,
andregularwaveswithlength-heightratiosas lowas12tol~ areavail-
able. Thewavemakerandendbeachesaresimilarinprincipletothose
providedfcmLangleytankno.1,tindtheapparatusandproceduresfor
testsinwavesinthetwotanksarealsosimilar.

DYNAMICMODELS

A l/10-sizepowereddynamicmodelofa twin-engineflyingboatset
upfortestsinwavesinLangleytankno.1 is showninfigure3. Itis
geometricallysimilarinessentialrespectstothefull-scaleseaplane
andisballastedtohavescalegrossweight,scalepositionof center 4
ofgravity,andscalelongitudinalradiusof~tion. Thepropellers
areofscalediamterandaredrivenby &iable-frequencyalternating-
currentelectricmotorstoproducescalethrtit.

k
Thewingflapsare
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adjustableandtheelevatorsareadjustableor controllabletosuitthe
conditionstobe simulated.4

Theparticularsof themodelarenecessarilyrelatedtothoseof
thefull-scaleairplaneby Froude’slawofcomparisontoobtaingeometri-
callysimilarwaveandspraypatternsandproperscalingofthehydrody-
namicforces.Ifviscouseffectsareneglected,thislawappliesequally
totheaerodynamicforces;thewing,however,mustbe fittedwithleading-
edgeslats,wkdcharenotonthefull-scaleseaplsme,topreventa large
lossof liftathighanglesofattackduetothelowmodelReynolds
number.

TheFroudenumberisalsothecriterionfordynamicsimilarityof
anygeometricallysimilarsystemsmovingunderthepredominantinfluence
ofinertiaandgravityforces.WhenthelKrouderelationshipsforspeed,
size,mass,andmassdistributionaresatisfied,therelativepositions

? ofthesystemsafterproportionalperiodsoftimearethesameandmotion
pathsof correspondingpointsin spacearegeometricallysimilar.This
generalprincipleisusedtoadvantageinaeronauticalresearchformodeld investigationsofhighlycomplexflightproblems,suchas theprediction
offlyingqualities,spinrecovery,andmotionsingusts,aswellas the
behaviorof seaplanesonthewater.

Withballastingforscaleellipsoidof inertiaandwiththeaddition
ofthe
canbe
ofits
closer

sidestabilizingfloatsof t-hfull-scaleseaplane,thetankmodel
operatedcompletelyfreeof thetowingcarriageforobservations
three-dimensionalbehaviorandcanevenbe operatedoutdoorsfora
simulationofwindandseaconditionsinnature.

APPARKI’USANDPROCEDURE

TowingGear

Forthedeterminationof criticalbehaviorintheverticalplane
duringtake-offandlandingruns,it isadvantageoustousethetowing
carriagetorestrainthemodellaterallyandinrollandyaw,aswell
as to carryalongobserversandeqtipment.A sidefiewofthemodel,
togetherwiththetowinggeardevelopedforthispurpose,isshownin
figure4.

Themodelisattachedtoa lightverticalstaff,whichhasa pivot
at themodelcenterofgratitypermittingfreedomin trimandwhich

. passesthrougha rollercagethatallowsverticalmotiononlyandpro-
videsthelateralrestraint.Therollercageisfreetomoveforeandaft
alongthetrackshown;thusthismotionallowsthemodelto checkproperlyd
inwaves.Stopswithpneumaticshockabsorberslimitthelongitudinaland
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verticalmotionwithrespecttothecarriage,anddataarepreferably
takenonlywhenthemodelisfreeofthestops.Connectionstothemodel
areattachednearthepivottominimizetheirrestraintonthetrim b
motions.Thearrangementis shownschematicallyinfigure5.

Themodelisfixedintrimduringa landingapproachwithfixed
elevatorsby a solenoid-operatedbrakethatreleasesautomaticallywhen
oneof thekeelcontactsfirsttouchesthewater.Thisprocedureelimi-
natesrotationduetogroundeffectandshmlatesmorecloselya full- .—
scalepilotedglide.

Aftercontact,theelevatorsofthemodelnormallyre~in ftied.
Theyarealsoon occasioncontrolledfromthecarriageby themodel
“pilot”orautomaticallyby angulardisplacementandratesenstive
mechanismsto simulatetherapidcorrectiveactionsinstinctivelytaken
by experiencedpilots.

?–

Instrumentation
w

Verticalaccelerationismeasuredlyanaccelerometeronthestaff
attachedtothemodelandangularacceleration,by a matchedpairof
accelerometersinthemodelnearthecenterofgravity.(Seefig.~.)
Theseunitsarecommercialoil-damped,variable-resistancetypeshaving
fundamentalfrequenciesoftheorderof100to200cyclespersecond. .

Thesmallvariationsinvoltagetheyproduceareutilizedtomodulatea
strongercarriersignalproducedby a >-kilocycleelectronicoscillator.
Themodulatedcarrierissmplifiedandtheurectifiedina bridge-
demodulatorcircuittoprovidea suitableinputtotheoscillograph.The
recordingunitsof thelatterhavelowernaturalfreqmnciesoftheorder
of 35cyclespersecondtominimizeextraneous“hash”duetohigh-
frequencyvibration.

Trim,rise,andfore”-and-aftmotimwithrespecttothecarriageare
recordedby resistanceslide-wirepickupsatappropriatepoints,con-
nectedthroughdirect-currentbridgecirctitstotheoscillograph.Con-
tactwiththewaterat variouspointsalongthekeelisregisteredby
platinumloopsinthenonconductingmaterialofthemodelthatcomplete
circuitstogroundwhenwetted.

.— —.
Waveprofileswithrespecttothecarriagearerecordedbyplatinum

stripsmountedon sharp-edgedstrutslocatedforeandaftandoffto one
sideofthemodel.Currentflowingthroughthesecircuitstoground
varieswiththeheightof thewateronthestruts.Theresultingtraces
ontheoscillographshowthegeneralshapeofthewavesandlocationof
thecrestsbutdonotprovideaccuratemeasurementsofthewaveheights;

*

themeasurementsarebetterobtainedfrom
observationsat themonitoringstationin

floatrecorders
thetestregion

andViSU81
ofthet.arik. v
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Theinstantaneousspeedofthetowingcarriageisrecordedby a
direct-currentgeneratorgearedtaa guidewheel.Thedistancetraveled

9 by thecarriageisregisteredby a light-beamphotocellunitinterrupted
by shuttersalongthetrack.Oscillographrecordsfromthephotocell
unitcalibratethespeedrecordsfromthegenerator.Thetowingforce
appliedby thetowingspringisrecordedbya high-frequencyresistance
-straingagein serieswiththetowingline.Powerfortheelectrical
unitsisobtainedfrcxnthecarriageservicetrolleysandfromstorage
batteriesas indicatedinfigure5.

RecordsandInterpretation

A typicaloscillographrecordofa modellandinginoncomingwaves
isshowninfigure6. Thetimeintervalindicatedis l/10ofa second.
On theleft,themodelisflyingabovethewateragainsttherearstop

* withlandingpower,theelevatorsaresetforthelandingattitude,and
thetrimbrakeis locked.As thecarriageis decelerated,themodelmoves
forwardofftherearstopandgoesintoa freesteadyglideas indicated

d by thestraightportionof therisetrace.At thefirstcontactwiththe
water,indicatedby thestopcontacttrace,thetrimbrakeisreleasedand
themodelgoesintoa seriesofreboundsoffthewavesduringwhichthe
motionsandaccelerationsbecomeprogressivelymoresevereuntilspeedis
lostandthemodelfollowsthewavestorest.

Althoughthefirstcontactisrandom,thesubsequenttracesfor
repeatrunsinthessmewavetrainsareremarkablysimilar,andfourto
eightrunsareusuallysufficienttoestablishconsistentmaximumvalues
of trim,rise,andaccelerations(ref.4). Thisdegreeofreproducibility
isattainedbecauseinregularwavetrainsthemotionsinducedby the
initialcon~ctaresmallin comparisonwiththesubsequentreboundsbelow
flyingspeed,fidthelatterarelargelytheconsequenceofmeetingthe
nextwaveupslopeaftercontact,eventhougha downslopeor troughmay
be contactedfirst.

h additionto theinitialandmaximmnvaluesofthemotionsand
accelerations,therecordsyieldcorrespondingvaluesof thehorizon~l
speed,verticalspeed(slopeof therisecurve),andtrimat eachcon-
tactfordetailedanalysisoftheimpacts.Motionpicturesoftheruns
arealsomadetoaidin interpretationofthedataandtorecordthe
spraycharacteristics.Themotionpicturesprojectedat theFroudetime
scaleprovidean opportunitytojudgethebehaviorandmskecomparisons
onthebasisof thecorrespondingfull-sizetimescale.

. ‘1’ske-offtestsaremadewithfullthrustandwiththecarriageaccel-
eratedtokeepthemodelclearof thestopsuntilflyingspeedisreached.
Ingeneral, similarbehaviorandcomparablevaluesofaccelerationare4 experiencedasforlandings,althoughmorereboundsareinducedovera
longerperiodof time.
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EffectsofHullProportions

Figure7 illustratesa relatedfsmilyofhullsforthesameflying
boathavingwidevariationsinthebasicdesignparameterofthelength-
beamratio.me lowestratioisrepresentativeofpracticeasrecentas
WorldWarII. Thehighestratiorepresentsanextremefrompractical
considerations.

Thesizeandaerodynamicdragof thesehullsdecreaseas thelength-
beamratioincreases,whereasthesmooth-waterhydrodynamicqualities
remainmoreor lesscomparablethroughouttheseries(refs.5,6, and7).
Tankinvestigationsinwavesofthetypedescribedhavedemonstrated
significanteffectsofthehigherratioswithregardtorough-waterqual-
iti~sasshowninfigure8 (datafromrefs.7’and8). Themaximumvalues
ofthecriteriaforbehaviorareplottedagainstwavelengthinfeet(full.
scale)fora constantwaweheightof 4 feet(full-scale).Thecurvesare
fairedupperenvelopesofthedatafroma numberoflandingsat eachwave
lengthtested.Maximumtrimandriseareindicativeoftheextentof
attitudesreachedabovethestallandheightsreachedabovethewater
duringrebounds.Theaccelerationsareindicativeofrelativeloadfac-
torson structuressupportingconcentratedmassesintheairplane(ref.9).

Theplotsillustratethegeneraldependence(ref.4) oftheadverse
effectsfora givenwaveheightonwavelength.Usuallythereisa criti-
calwavelengthatwhichtheeffectsaremostsevere.Thiscritical
lengthdoesnothavea universalrelationshiptohulllengthandmustbe
determinedforeachconfigurationandwaveheight.

As thelength-beamratioisincreased,themaximumvaluesoftrim,
rise,andverticalaccelerationareprogressivelyreduced.(Seefig.8.)
Theseeffectsareinterdependentsincethemilderimpactsresultin lower
rebounds,andticeversa.Thenarrowerbeamhullsalsobenefitfromthe
fundamentalload-alleviatingeffectsofmorechineimmersionandlower
aspectratiooftheforebodywettedareainvolvedin theimpacts.The
maximumangularaccelerationincreasessomewhatbecauseof theincre~e
in lengthinherentintheseries,althoughtheaccelerationfor L/b of
20and15areapproximatelytheseine.In spiteofthisincrease,the
resultantloada,particularlynearthecenterofgravity,aresignifi-
cantlyalleviated.

EffectsofHullForm

Figure9 summarizesdatasimilartothosepresentedinfigure8 for
variousmodificationsofthemodelwitha length-beamratioof-15,which b–—
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is chosenas theupperpracticallimit.Thetopcurvesineachcaseare
forthebasichullof length-beamratio15. Theshort-dash-long-dash
curves(fromref.10)indicatea markedimprovementobtainedbyextending
theafterbodylengthtomatchthelengthreqtiredby thetailsurfaces.
Theincreaseinbearingaftgreatlyreducesthetrimandrisemotionsand
theaccelerationsaresignificantlysmaller,particularlynearthecriti-
calwavelength.Similarresultswereobtatiedinanearlierinvestiga-
tion(ref.4) ofa nmielwitha lowlength-beamratio.

A secondlogicalimprovementisa largeincreaseinV-bottomdead-
riseangle,in thiscasefrcma conventional20°to40°(ref.11). Fig-
ure9 showsthatthemotionsandangularaccelerationwerenotgreatly
changed.Thelargedecreaseinverticalacceleration,otherthingsbeing
equal,ispredictablefromtheory.Theimportantcontributionof the
dynamic-modelinvestigation(ref.11)isthatthehigh-dead-riseformwas
apparentlysatisfactoryin otherrespectsandevenhigherdead-riseangles
than40°maybe of somepracticalinterestforstillgreaterload
alleviation.

Theshort-dashcurves(fromref.12)indicatethatthetwoprevious
features,canbe combinedforfurthergains.In thismodification,the
dead-riseangleofthelong-afterbodyhullwasprogressivelyincreased
fromthestepto thebow. Thecombinationhaslowermotionsthanthe
basichullof length-besmratio15andthelowestaccelerationsof the
series.Whencomparedwiththedata5nfigure8 fora length-beamratio
of6, ithas9° lessmaximumtrim,8 feetlessmsximumrise,andthe
maximumverticalandangulexaccelerationsarereducedintheorderof
60percent.

EffectsofWaveProportions

Theresultspresentedsofarwereallforoneheightofwave. Corre-
spondingdatahavebeenobtainedforthehullswithlength-beamratiosof 6
and17of theseriesinvariousheightsofwavescorrespondingto2, 4,
and6 feet(full-scale).(Seeref.8.) Thetrendsobtainedarecomplex
inthatthemaximumvaluesforthetwohigherwavesremainaboutthe
ssmebutthecriticalwavelengthsaredisplaced;thisdisplacementindi-
catesa primarydependenceon themaximumwaveslope.

Theraximmnormalimpactloadofa prismaticforebodyisa theoreti-
calfunctionof thetrim,flight-pathangle,andverticalvelocityat con-
tactwiththewatersurface,aswellas thedead-riseangleandtheload
(ref.13). Thetheoryisappliedtotherough-watercaseby redefining
thecontactanglesrelativetothewaveslopeandtakingintoaccountthe
velocityincrementsdueto thewavemotion(refs.14and15). Therela-
tionshipsof thecontactparametersmeasuredinthetestsandtheeffec-
tiveparametersinwavesgivenbyMiller(ref.14)areillustratedin
figure10.
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ThesymbolEl is thelocalslopeofthewavesurfaceat contact,
T is thetrimofthestraightportionoftheforebody,and y isthe
flight-pathangleortheangleoftheresultantvelocityVr;allare
referredtothehorizontal.A simpleandadequateassumptionforthe
velocityincrementsof thewave,accordingtothetheoryofreference14,
isthatthewavemaybe considereda bodyofwaterinhorizontaltrans-
lationat thewavevelocityVw. AddingVw tothehorizontalspeedVh
givestheeffe-ctiveresultantvelocityVre.

Fromfigure10,theeffectivecontactparametersdeterminingthe
waterloadare

—

‘e‘T -e

v= Vv COSe + (Vh+vw) SiIle
‘e

Vvye=e+tan-l
Vh+ Vw

Sincetheanglesaresmall,thenormalloadisapproximatelyequaltothe
verticalloadmeasuredonthemodel.

e

r

w

Figure11showsvaluesofmaximwnverticalaccelerationandthe
associatedeffectivecontactparametersforthemodelwitha length-besm
ratioof 6 lsmllngin variousheightsandlengthsofwavesplottedagainst
thewaveheight-lengthratio.Thepointsshownareforthemaximum
@acts onlyobtained’inthethreeheightsofwave,andtheywerecom-
puteddirectlyfromthetabulardata(ref.8). Sincethewavespeedsand
slopesat contactwerenotactuallymeasured,itwasassumedthatthe
maximmimpactsoccurredonthemaximumslopesofthetankwavesandthat
thesewavesweretrochoidal.Theslopeforthecalculationsisthen

—

A

andthewavespeedis
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where H smd A arethewaveheightandwavelength,respectively.

Exceptfortheeffectivetrim,theplottedpointsforthethree
waveheightslieforthemostpartalongsmoothupper,envelopesdrawn
fromtheorigins;thisindicatestheadequacyof theassunptiopsand
theprimarydependenceof theresultson thewaveslope.Theeffec-
tivetrimpointsaremorescatteredbuthavea downwardtrendwith
increaseinwaveslopeas representedby themeanlineshown.

Theseverityof theimpactsforthemodelconfigurationinvesti-
gatedappearstopeakat an H/l ofaround0.025ora length-height
ratioof40. At theseratios,theeffectivetrimisas lowas4°,the
effectivefull-scaleverticalvelocityisashighas 30feetpersecond,
andtheeffectiveflight-pathangleisasmuchas 15°. Sincethecorre-
spondingloadsareveryhighfroma structuralpointofview,it isof
interesttocomputetheverticalaccelerationsby themethodofrefer-
ence14fora rigidprismaticplaningsurfacefromvaluesof thecon-
tactparametersfromthemeanlineandfairedenvelopesof thefigure.
Theresultsareshownbythedashedline(seefig.11(?))andindicate
reasonableagreementwiththeexperimentaldata,consideringthe
inherentlimitationsofbothmethods.Thefactthattheexperimental
accelerationsarehigherthanthetheoreticalis significantsinceit
indicatesthattheinstrumentationchosenisnotattenuatinghigh-
frequencyloadsof importance.

Figuren(b) presentsdataforthemodelwitha length-beamratio
of 15 (ref.8). Thedatashowtrendssimilarto thosepresentedin
figuren(a); hence,thetrendsarethessmeovera widerangeofhull
proportions.Theeffectivetrimsareas lowas 0° (flatimpact)as
ccmparedwith4° infiguren(a), themaximumeffectivefull-scale
verticalvelocitiesarereducedfrom30 to25 feetpersecond,the
maximumeffectiveflight-pathanglefroml~oto I@, andthehighest
maximumverticalaccelerationsfrom12.5gto9.5g. Theagreementof
themeasuredaccelerationswiththosecalculatedfromtheoryis closer
thanthatfor L/b= 6 becausetheadditionalalleviationdueto chine
inmersionassociatedwiththehigherlength-beamratioisnottakeninto
accountinthemethodof calculationused(ref.15).

Thismethodofanalysissuggestsa usefulpurposeof themodel
testsinadditiontothatofobtainingcomparativeinformation.Engi-

. neeringcalculationsofdesignimpact-loadfactorsrequiretheeffec-
tivecontactparameterstobe assumed.~ese assumptionsarenormally
establishedbyexperiencewithconventionalseaplanesfortheinitial

4 impactonly.Whenappliedtounconventionalconfigurationsthey
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4
sometimesleadto dubiousresultsby nottakingintoaccountallthe
influencesonthemotionspriortothecriticalimpact.Insuchcases
therangeof contact
morerealisticbasis

psmmetersdeducedfrommodeltestsprovidea w
fordesignestimatesofthemaximumloads.

Take-OffResistanceinWaves
.

Theresistanceof seaplanesduringtake-offremainsa problemof
someimportancein spiteof theincreasesinthrustaffordedbypresent
developmentsinpoirerplants.Theresistancebecomesgreaterinrough
waterbecauseof theaddedenergyinthemotionsandtheincreased
wettingofpartsoftheairplanethatremaindryinsmooth-water
operation.

Themagnitudeoftheincreaseinthecaseofa configurationsimi-
lartofigure3 isindicatedby thedataplottedinfigure12. Thepoints t.
arethetotalaverageresistcmce(R+ D),measuredby thestrain-gage
dynamometerdescribedpreviously,ata successionofconstantspeeds
throughoutthetake-offrange.Thecenter~of-gratitypositionandeleva- . –
tordeflectionareconstant.Theordinateandabscissaareintermsof
Froudenondimensionalcoefficientsproportionaltototalresistanceand
speed,respectively.Thetake-offthrudtavailable,intermsofa corre-
spondingcoefficient,is shownon theplbtforccxnparison.

Thelowersolidcurveisforthesmooth-waterresistanceandillus- ‘
tratesthecriticalpointsofminimumthrustavailableforacceleration
at thehmp speedandneartake-off.In2-andh-footwaves,the
resistanceisprogressivelyhigheratintermediateplanlngspeeds,where
themotionsandextra wettingduetowavesandspraythrownaregreatest.
At thehumpspeed,wherethemodelcanmor-eor lessfollowthewavecon-
tours,theresistanceisaboutthesameasin smoothwater.Neartake-

.

off,wherethemodelisnearlyairborne,themotionsandwettingagain
becomesmall,andtheresistancetendstoagainapproachthesmooth-water
values.In6-footwaves,thehumpresistancebecomesmuchhigherbec’ause
themodelcanno longerrideoverthecrestsandtheaerodynamiccomponents
areheavilywetted.

Figure12indicatesthat,withtheavailablethrustshown,thedesign
wouldnottakeoffinwaveshigherthan2 feet. Thisconclusionof course
doesnottakeintoaccountthefavorableeffectsofwindnormallypresent
inpracticeandanyfavorablescaleeffectsontheaerodynamicandhy&ro-
dynamicforces.Itdoes,however,illustratetheneedforjet-assisted
take-offforopen-seaoperationin swellsanddefinesa problemthat
canbecomemoreseverein thefutureforcloselycoupledJet-propelled .
configurations.
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CONCLUDINGREMARKS

TheNACAseaplanetankshavebeenprotidedwithwavemakers,appa-
ratus,andinstrumentationforinvestigationsofseagoingqyalitiesof
water-basedaircraft.TheoperationofFroudedynamicmodelsinthe
tamlswaveshasservedtoaidin definingtheproblemsandtherelative
importanceofsomeofthemanyparameters.Severalpracticabledesign
improvementsofferingsignificantalleviationoftheadverseeffectsof
waveshavebeendeveloped.Generalrelationshipsof thequalitiesof
importanceinrough-watertake-offsandlandingswithwavelengthand
length-heightratiohavebeendemonstrated.Theincreaseintake-off
resistanceduetoroughwaterhasbeeninvestigatedbrieflyandappa-
rentlycanbe criticalforoperationin largewaves.

a LangleyAeronauti.calLabratOry,
NationalAdvisoryComd.tteeforAeronautics,

LangleyField,Vs.,May25,1955.
.
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